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Abstract  

During g a s i f i c a t i o n  of coa l  the  su l fu r  compounds a re  converted mainly in to  H,S and 
COS. A process t o  remove these  compounds a t  temperatures o f  400-800 'C has  been 
developed. The acceptors  used a re  based on MnO o r  Fa0 on a 7-alumina c a r r i e r .  
Regeneration takes p l ace  a t  the  same temperature with a gas containing steam. while 
more than 15 Xv of H,S can be obcained i n  the d r i ed  reaccor off gas .  The main 
advantage steam regenera t ion  is t h a t  no oxida t ion  o r  no t iceable  hea t  e f f e c t  is 
involved. A packed bed  microreactor vas used t o  study su l f fda t ion -  and regeneration 
behaviour ex tens ive ly  i n  c y c l i c  experiments. I t  shoved t h a t  H,S can be removed t o  a 
l eve l  of 0-50 ppmv depending upon gas composition. After s eve ra l  hundreds of cycles 
only l i t t l e  deac t iva t ion  vas observed. The e f f e c t s  of var ious  compounds in t he  feed 
were studied. 

W r o d u c t l g n  
Thermodynamics of the  r eac t ion  MnO + H,S <-> MnS + H,O i n  the  temperature range 
400-800 *C ind ica t e  t h a t  t he  equilibrium is s h i f t e d  completely towards the  metal 
su l f ide .  This means t h a t  MnO can remove H,S a t  these  temperatures qu i t e  deep but  
a l s o  t h a t  steam w i l l  nor: regenerate a s u l f u r  loaded acceptor.  Consequently i t  may 
sound s t range  t h a t  a MnO on y A 1 , 0 ,  acceptor  is proposed here!  However. fact is 
t h a t  an  acceptor  can remove H,S e f f ec t ive ly  a t  400-800 'C and is regenerated 
e a s i l y  with steam a t  the same temperature [l. 2 ) .  

Other H,S acceptors  o f t en  use a i r  for  regenera t ion .  r e su l t i ng  i n  s u l f u r  oxides as 
w e l l  a s  an oxid ized  accepter ,  both needing a reducing agent l i k e  H, t o  obtain 
acceptable products.  The hea t  produced may r e s u l t  i n  temperature con t ro l  problems 
and s in t e r ing  o f  t h e  acceptor material .  I n  con t r a s t  t he  MnO on  y-A1,0, acceptor is 
regenerated without a no t iceable  heat e f f e c t ,  r e su l t i ng  in  a s t a b l e  acceptor.  A s  
regeneration does n o t  change the oxidation state of the  acceptor ,  no reduction is 
needed e i t h e r .  The H,S formed can be used d i r e c t l y  t o  generate s u l f u r ,  e.g.  i n  a 
Claus p lan t .  This a b i l i t y  t o  regenerate MnO on ~-Al,O, acceptors wi th  steam is not  
inc identa l .  on the contrary: - a f t e r  a r e l a t i v e  s h o r t  s t a b i l i z a t i o n  t i m e -  the 
acceptors can  be exposed to  more than 000 sulfidation-regenera.cion cycles  without a 
change in  a c t i v i t y  . 
A t  Delft Univers i ty  of Technology (DUT) seve ra l  inves t iga t ions  were performed co 
determine which compound(s) are responsible f o r  the f a c t  t h a t  steam regeneration is 
poss ib le  [ 3 1 .  I t  is supposed t h a t  regenerable acceptors are formed f r o m  a monolayer 
of MnO which r e a c t e d  with the  ,-alumina c a r r i e r  and produced a sur face  aluminate. 
In other  words: f r e e  MnO on A1,0, is expected t o  be non-regenerable.  while MnO with 
a c r y s t a l l i n e  strucare c lose  enough t o  t h a t  of t h e  ~ - A l , O ,  c a r r i e r  w i l l  farm a 
surface-aluminate t h a t  can  r e a c t  with H,S according to :  

The cons t an t  of  t h i s  reac t ion  can  be estimated and compared with tha t  
of pure manganese oxide. In f igures  la and l b  a r e  shovn, respec t ive ly .  the 
thermodynamic equi l ibr ium cons tan t  for  Fa0 and MnO, i n  con tac t  with a H,S-H,O gas 
mixture and the r eac t ion  en tha lp ies  for  the  su l f ida t ion .  For the  pure metal oxides 
the  su l f ida t ion  equi l ibr ium is s h i f t e d  completely tovards the metal su l f ide  a t  
t emperaa res  from 400 t o  800 'C. A s  can  be seen from f igure  l a  t h e  thermodynamic 
cons tan ts  the  corresponding aluminates M n A l , O ,  and FeAllO, ind ica t e  t h a t  chair  
equi l ibr ium with a H,S-H,O gas mixture is not  pronounced to one s ide .  I n  these 
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f igures  both Fe and Mn oxides a re  shown because i t  was found t h a t  no t  only MnO on  
i-A120, can be used in a steam regenerative process t o  remove H2S. Qui te  similar 
behaviour is found with FeO on 7-A120,, the same holds even fo r  Zn. N i  and Co 
However, only Fa0 on 1-alumina comes c lose  t o  MnO on 7-alumina, the o thers  a r e  f a r  
less a t t r a c t i v e .  

Several  inves t iga t ions  support  t ha t  an aluminate is the ac t ive  substance.  
Atomic absorption measurements i n  combination with sulfidation-regeneration 
experiments o f  acceptors  with d i f f e r e n t  metal oxide l eve l s  show t h a t ,  up t o  a 
c e r t a i n  coverage, a l l  metal su l f ide  formed can be regenerated wi th  steam. That 
coverage corresponds t o  a number of metal oxide moles equal t o  the number of 
alumina moles exposed a t  its sur face .  
Although assumption t h a t  manganese aluminate is the ac t ive  compound could not  
be confirmed by rdntgen d i f f r ac t ion ,  t h i s  technique d id  not prove the opposite 
e i t h e r .  No l i n e s  c h a r a c t e r i s t i c  f o r  t h i s  compound could be found, probably due t o  
its high d ispers ion  on a c a r r i e r  of poor c r y s t a l l i n i t y .  Irregenerable acceptors 
however show l i n e s  t h a t  correspond with those of pure h0. 
Diffuse re f lec tance  spectroscopy a t  r eac t ion  conditions shows t h a t  regenerable 
acceptors have bands c h a r a c t e r i s t i c  f o r  Mn~1,0, (as  ind ica ted  by t h e i r  grey co lour )  
while irregenerable acceptors  have a LlnO spectrum (and a brown co lour ) .  
Another technique used is Hassbauer spectroscopy, although it could only be appl ied  
t o  i ron  oxides as manganese has no nossbauer a c t i v i q +  From t h i s  study it can be 
concluded tha t  on steam-regenerative acceptors the  Fe ions a r e  h ighly  d ispersed  
on the  support and b u i l t - i n  in to  the  alumina. This agrees with the  formation of 
FeAl,O,. 

the 

E w r i m e u c d  
Acceptor preparation 
Using the  wet impregnation technique the c a r r i e r  is contacted with a so lu t ion  of a 
metal salt a t  ambient temperature. Af te r  approximately 16 h the  impregnated 
mater ia l  is f i l t r a t e d  and dr ied ,  genera l ly  overnight,  a t  about 110 'C. I n  some 
cases ,  e.g.  i n  case a metal ace t a t e  or -oxa la te  w a s  used. the drying w a s  combined 
with ca lc ina t ion  a t  300 'C. F ina l ly  the mater ia l ,  with the metal s t i l l  i n  a high 
oxidation s t a t e  (e .g .  MnO,). is  reduced with H, a t  600 * C .  Depending on the metal 
content des i red  the  complete process is repeated a number of times. 

Table 1 shows t h a t  t he  number of  prepara t ion  cyc les  and the molar i ty  of t he  s a l t  
so lu t ion  not  only determine the amount of manganese obtained on the  c a r r i e r ,  bu t  
a l so  whether o r  no t  such an acceptor can be regenerated completely. Although not  
ind ica ted  the  t a b l e ,  with each s a l t  it is poss ib le  t o  obta in  an acceptor which 
can not be regenerated completely. This is done by r a i s ing  the manganese content 
above 8-10 %w. Notably t h i s  agrees with a 1:l mole r a t i o  of metal  to  sur face  
alumina. 

Instrumental  

The apparatus used t o  obta in  the sulfidation-regeneration data is descr ibed  
schematically f i g u r e  2 .  The hea r t  of the apparatus is a tubular quartz r eac to r  
with an in t e rna l  diameter of 9 mm. Normally 3 g acceptor ,  with a mean p a r t i c l e  

, diameter of 0.k mm. r e s u l t  in a bed length  of approximately 70 mm. The r eac to r  is 
kept a t  a cons tan t  temperature, which can  be choosen between 100 and 800 ' C .  The 
reac tor  used i n  a cyc l i c  way: about 1 . 5  hour it is used to  remove H,S from the  
gas stream fed ( the  su l f ida t ion -  or accepta t ion  phase),  then f o r  about half  an hour 
the su l fu r  is removed from the acceptor ( the  regeneration phase).  The cyc le  is 
completed with a f lu sh  phase of  another half  hour. 
I n  the accepta t ion  phase the feed t o  the  reac tor  is obtained by mixing gases from 
cyl inders .  Generally the H,S content is 1 %v and the hydrogen conten t  10 %v ,  the  
balance being N,. The t o t a l  flow r a t e  is 100 ml/min a t  ambient condi t ions .  Several  
o ther  gases.  notably CO and CO, can be added a s  well .  If the  inf luence  of small 
amounts of H,O is s tudied .  the feed  is passed through a bed of FeSO,.7aq. This 
r e s u l t s  in  a H,O content  o f  0-5 %v.  depending upon the temperature of  the  FeSO, 
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bed. If the  H,O concent ra t ion  has t o  be h igher  than 5 Xv. l i qu id  water is in jec ted  
in to  the r eac to r .  This w i l l  evaporate before reaching the acceptor bed. 
Quite d i f f e ren t  amounts of water are needed during regeneration. I n  t h i s  phase the 
H,S supply is  c losed  and a small stream of water in jec ted ,  r e su l t i ng  i n  a flow with 
approximately 50-80 Xv of  steam. 
The H2S content  i n  the  o u t l e t  is monitored by passing t h e  gas through a s t i r r e d  
vesse l  with a CdSO, so lu t ion ,  kept a t  a constant pH of 4 by in t roducing  NaOH as 
w e l l .  Under above conditions the flow of NaOH supplied equals t he  flow Of H,S 
l eav ing  the  r e a c t o r .  The concentration of H,S can be obtained as the  first 
der iva t ive  of t h i s  flow towards time. Other compounds (CO, COS, GO,, H,S and H,O) 
in the r eac to r  e f f luen t  can be de tec ted  with a gas chromatograph. In  t h i s  way e.g.  
t he  s h i f r - r e a c t i o n  can  be followed. 

A breakthrough curve,  which descr ibes  the  o u t l e t  H,S concent ra t ion  during 
the  accepta t ion  phase,  is shovn i n  f igure  3 .  A t  the s t a r t  of an experiment a i l  H,S 
supplied is captured  by the acceptor.  After approximately 20 minutes a sudden 
increase of t he  H,S concentration ind ica t e s  breakthrough. Within a few minutes 
th i sconcent ra t ion  raises t o  about 3040% of the i n l e t  value.  Of course  i n  p rac t i ce  
breakthrough w i l l  never be  waited fo r .  Some time before t h i s  moment is expected. 
another r eac to r  w i th  f r e sh  or  regenerated acceptor w i l l  be used. During our 
inves t iga t ions  the o u t l e t  concentration is monitored f o r  about 1 h mare because the 
complete curve g ives  valuable information about the concentration p r o f i l e  within 
the  acceptor bed in the time-span BEFORE ac tua l  breakthrough. 
After enough data a r e  gathered the  H,S supply is switched of f  and steam introduced. 
Now H,S is  being produced. Again the H,S content  is monitored as a func t ion  of time 
t o  obta in  k i n e t i c  data. This proceeds u n t i l  a l l  su l fu r  captured dur ing  acceptacion 
has been re leased .  

5-n 
A n  i n t e r e s t i n g  va r i ab le  is the  amount of s u l f u r  captured a t  breakthrough (qb) as a 
function of  t he  time on stream. A s  can  be observed in  f igu re  4 a f r e sh  acceptor 
w i l l  take up some 2 I of i t s  weight as  su l fu r  a t  600 'C. This decreases gradual ly  
t o  approximately 1 Z i n  the f i r s t  week and remains cons tan t  a t  t h a t  l eve l  
afterwards.  ' a t  least until some 80 days. or approximately 400 cycles ,  later. This 
deac t iva t ion  can, t o  a c e r t a i n  ex ten t ,  be explained by the decrease i n  sur face  a rea  
which w a s  determined i n  p a r a l l e l  t o  t h i s  experiment. The corresponding BET sur faces  
a re  shown i n  the  f igu re .  I t  should be noted here tha t  the temperature vas kept a t  
600 a l l  the  t i m e .  A t  t h i s  temperature the  deac t iva t ion  w i l l  a l s o  take  place i f  
the  acceptor is NOT subjected t o  acceptation-regeneration cyc les  bu t  l e f t  . i n  a 
reducing atmosphere only. I f  a f r e sh  acceptor is used and the  temperature 
maintained a t  400 ' C ,  no or l i t t l e  deac t iva t ion  takes place.  A t  800 * C  the acceptor 
w i l l  take up 2 . 7  %w S, but t h i s  capac i ty  decreases i n  about f i v e  weeks t o  
aPProximately 1 Xw S. probably due to  s i n t e r i n g  of the c a r r i e r  material. 

The influence of temperature on a " s t ab i l i zed  acceptor' is shovn i n  f igu re  5 .  
Lowering the  temperature from 600 * C  t o  400 'c r e s u l t s  i n  a decrease o f  su l fu r  
capture a t  breakthrough by approximately one ha l f .  When the acceptors  are 
s t a b i l i z e d  a t  800 ' C  ins tead  of 600 * C  lowering the temperature from 800 ' C  to  600 
'C r e su l t s  i n  a decrease of the breakthrough capac i ty  f r o m  2.7 Zv s u l f u r  t o  
aPProximately 0 .5  Xw s u l f u r .  The same behaviour is observed for i r o n  conta in ing  
acceptors.  This decrease is a t t r i b u t e d  t o  both k ine t i c s  and thermodynamics. 

The influence of t he  H,S concentration i t s e l f  on the breakthrough capac i ty  is given 
i n  f igure  6 .  A t  low H,S concenirations the  capac i ty  is somewhat higher than a t  high 
concentrations.  This can be explained by sunnnation o f  two processes.  The f i r s t  
process is a f a s t  equi l ibr ium between H,S and surface aluminate; t he  corresponding 
acceptor capac i ty  is not influenced by the  H,S concentration. The second process is 
slow and corresponds t o  su l fu r  t ha t  moves t o  s i t e s  t h a t  a re  not  e a s i l y  reached. 
This means t h a t  when l o w  H,S concent ra t ions  a re  used (while the volumetric flow 
r a t e  is kept  cons tan t )  t he  second, r e l a t i v e l y  slow process can  proceed longer 
before breakthrough is measured, r e su l t i ng  i n  a higher capacity.  
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In  a l l  experiments hydrogen is added to  the feed  t o  prevent decomposition Of H,S 
in to  hydrogen and s u l f u r .  As long as the feed gas only conta ins  N,, H, and H2S the 
H, concentration does n o t  influence the reac t ion  r a t e  in the  range of 7 to 90 XV. 

The r e su l t s  d i scussed  so f a r  a re  obtained with a feed  of 1 %v H,S, 10 XV H,. the 
balance being N,. I n  genera l ,  however, the feed  w i l l  conta in  CO. CO,  and H,O as 
well .  As could be expected from the p o s s i b i l i t y  t o  use steam as  the regenera t ive  
agent,  H,O has a negat ive  e f f e c t  on the amount of s u l f u r  captured a t  breakthrough. 
This is demonstrated in f igure  7a. In t h i s  f i gu re  the r e l a t i v e  breakthrough 
capacity is w h o m  as a function of the water conten t  of the feed. The r e l a t i v e  
breakthrough capac i ty  is the observed breakthrough capac i ty  divided by the  
breakthrough capac i ty  of  the  same acceptor using a s tandard  feed  gas without water.  
In  t h i s  way the  capac i t i e s  of d i f f e ren t  acceptors  can be compared e a s i l y .  The 
re ten t ion  l eve l  decreases  d ra s t i ca l ly  by 15 %v of H,O. However, CO in the f eed  has 
a pos i t ive  e f f e c t  on the  su l fu r  re ten t ion  capacity as  is demonstrated in f i g u r e  7b, 
which shows t h a t  50 %v CO w i l l  increase t h a t  capac i ty  by a f ac to r  of approximately 
1.4 the manganese acceptor and a f ac to r  1 . 7  f o r  t h e  i ron  containing acceptor .  
From t h i s  f igure  the  influence of the hydrogen concent ra t ion  can be seen c l e a r l y  
too. The pos i t ive  e f f e c t  of 50 Xv CO is a f ac to r  1 . 9  i f  the  feed gas conta ins  only 
10 Xv hydrogen in s t ead  of  40 Xv hydrogen. A combination of both e f f e c t s ,  the 
negative water in f luence  and the  pos i t ive  CO in f luence ,  can be observed i n  f igu res  
8a and b.  

The e f f ec t  of CO can  be explained by the s h i f t  reac t ion :  CO + H,O <-> CO, + H,. 
Both the water f e d  t o  the reac tor  and the water produced in the reac t ion  o f  H,S 
with the acceptor react with CO t o  form a CO,/H, mixture. 
Another e f f ec t  o f  in t roducing  CO is the formation o f  COS by the analogous 
equilibrium: CO + H,S c-> COS + H,. For tuna te ly  it showed tha t  COS only 
appears in the e f f l u e n t  a f t e r  H,S breakthrough. i nd ica t ing  t h a t  COS is e f fec t ive ly  
removed by the  acceptor  as w e l l .  The COS formation is qu i t e  f a s t ,  the COS in the 
gas leaving the r eac to r  is almost in equilibrium with the  o ther  gas cons t i tuents .  

Other compounds which may be found in prac t i ca l  feeds tocks  a r e  hydrocarbons a s  CH,, 
C,H, and lower a lkanes .  Experiments showed t h a t  these  compounds have no in f luence  
on acceptor behaviour if t h e i r  content is lower than 10 %v. Even higher l e v e l s  a re  
allowed, although some influence may s t a r t  t o  be v i s i b l e ,  e spec ia l ly  i n  case  of 
alkenes. 

Recently the regenera t ion  of the acceptors has been s tud ied  in more d e t a i l  [ 4 ] .  
Figure 9 shows t h e  amount of steam needed t o  regenerate acceptors which were 
previously completely loaded with su l fu r .  By d iv id ing  t h i s  amount by the  amount 
needed s toechiometr ica l ly ,  the  r e l a t ive  steam use RSU is obtained. It can be seen 
tha t  two-third of  the  su l fu r  captured can be regenera ted  e a s i l y ,  the r e s t  needs a 
higher amount of steam. Similar f igures  a re  ava i l ab le  f o r  d i f f e ren t  steam 
concentrations,  a l l  i nd ica t ing  tha t  a high steam concent ra t ion  and a low steam 
space ve loc i ty  is b e s t .  The resu l t ing  o f f  gas may conta in  up to  25 %v o f  H,S on wet 
bas i s  40 %v or more on dry basis.  Such a gas can be used qu i t e  well in a Claus 
un i t .  

Another pa r t  of the  s tudy  is focussed on a mathematic model to  decribe the r e s u l t s .  
The model is based on a fast sulfur-oxygen exchange reac t ion :  

A slow sulfur-oxygen exchange reac t ion  is added to  expla in  the slow rise of  the 
ou t l e t  concentration: 

QIS + 920 <-> Q I O  + Q,S (k, ->, <- k,) (Q, - Mn or Fe) 
Next "Langmuir" adsorp t ions  are needed t o  account fo r  the  amount of H2S t h a t  can  be 
desorbed from a loaded acceptor without using any steam; it is assumed t h a t  the 
same sites a l so  adsorb H,O: 

f o r  

o r  

H,S + Q,O <-> QIS + H,O (k, ->, <- k,) (Q1 - Mn or Fa) 

H,S + Qs <-> Q3-H2S (9s  - A W s )  
H,O + Qr <-> Qs-H,O (Qs - A1zOs) 
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Mathematically t h i s  set  of e q u i l i b r i a  is d i f f i c u l t  t o  so lve ,  mainly because the H,S 
and H,O concent ra t ions  a re  independant. I n  p rac t ice  4 s t i f f  p a r t i a l  d i f f e r e n t i a l  
equations have t o  be so lved  simultaneously.  

Results w i t h  t h i s  model a re  given i n  f igures  10a and b .  With the  model a 
good f i t  is obta ined .  The f a c t  t h a t  the ca lcu la ted  H,O o u t l e t  curve is not i n  
agreement with the  experimentally found curve is not taken too se r ious  because the  
H,O ana lys i s  vas much l e s s  r e l i a b l e .  
The parameters used t o  obta in  these curves a re  summarized i n  t a b l e  2 .  Of course 
much work i s ' s t i l l  t o  be  done in t h i s  f i e l d ,  e.g.  we a r e  t o  determine,.some of t h e  
parameters o f  t he  last t ab le  by independent o ther  techniques l i k e  
thermogravimetrics, and the  e f f e c t  of CO has t o  be incorporated in the model. 

A l s o  in the  f i e l d  of  p r a c t i c a l  experiments progress is  m a d e .  In t he  near  fu ture  t h e  
acceptors w i l l  be t e s t e d  i n  a l a r g e r  un i t  t o  desu l fur ize  a sub-atream of gas  
leaving the. experimental  200 kW (thermal) g a s i f i e r  b u i l d  a t  t he  Energy Research 
Centre of t he  Netherlands i n  Petten.  The u n i t  cons i s t s  of  3 r eac to r s  (1.5 l i t e r  
volume each) which a r e  used in t e rmi t t en t ly .  While one is i n  the  accepta t ion  phase 
the  acceptor i n  one o f  t h e  o the r s  is regenerated.  This work is described 
ex tens ive ly  in next paper presented a t  t h i s  congres. 

Conclusions 
The acceptors developed a t  !JUT can remove H,S from a f u e l  gas and can be 
regenerated wi th  a gas containing steam. This behaviour can be explained by t h e  
formation of a sur face  HeAl,O, (He - PLn or Fe) sp ine l .  
The amount o f  s u l f u r  captured a t  breakthrough v a r i e s  beween 0.25 and 3.0 Xv. 
depending upon temperature and gas composition. The regenera t ion  o f f -gas  conta ins  
up t o  40 %v H,S. enough t o  be fed  fa a C l a u s  p l an t .  The acceptors  have a long 
l i f e t ime :  they can be  used during a t  l e a s t  400 sulfidation-regeneration cyc l i .  

obtained 

SYMBOLS USED: 

BET B.E.T. su r face  a rea  o f  acceptor 
C .  

$, feed 
o u t l e t  concent ra t ion  of component i 
i n l e t  concent ra t ion  of component i 
p a r t i c l e  d iameter  of acceutor 

AH 
K 

' k*o 
2 ? S k ,  
k s ,  k, 
L 

'b 

'b, re1 

z theor  

Q2 
Qs 
T 
8 

# 

r eac t ion  en tha lpy  s u l f i d a k o n  r eac t ion  
equi l ibr ium cons tan t  s u l f i d a t i o n  reac t ion  
equi l ibr ium cons tan t  H,O adsorp t ion  Langmuir s i t e s  
equi l ibr ium cons tan t  H,S adsorp t ion  on Langmuir s i t e s  
r a t e  cons t an t s  f a s t  exchange r eac t ion  
r a t e  cons tan ts  slow exchange r eac t ion  (k, - k,) 

[ - I  
[ms//mOl] 
[ms/moll 
[ms/(mol.s)l 
[ma/ (mol. s) 1 

l ength  acceptor  bed [-I 
breakthrough capac i ty ,  [XWI 

r e l a t i v e  breakthrough capacity - [ - I  
s u l f u r  captured  at breakthrough 

observed breakthrough capac i ty  divided by the breakthrough 
capac i ty  of t h e  same acceptor us ing  standard feed  gas 
t h e o r e t i c a l  m a x i m a l  capac i ty  of acceptor [mol/ms] 
s toechiometr ic  capac i ty  o f  f a s t  exchange s i t e s  [ mol/ms ] 
s toechiometr ic  capac i ty  o f  slow exchange s i t e s  [mol/ms] 
s toechiometr ic  capac i ty  of Langmuir s i t e s  [mol/ms] 
temperantre [ *C o r  K] 
H,S throughput parameter - amount of  su l fu r  f ed  [ - I  
dur ing  accep ta t ion  d iv ided  by a n  a rb i t r a ry  amounc 
of  s u l f u r  
number of impregnation cyc les  [ - I  

L i t e ra tu re :  
[ I ]  J. Barin. 0. Knacke, 0. Kubachewski, "Thermochemical Proper t ies  of Inorganic 

Substances" e Spr inger  Vetlag. flf14lin. 1973, Supplement. 1976. 



[ 2 ]  D.R. S t u l l .  H .  Prophet. "JANAF Thermochemical Tables" ,  2nd ed . .  National 

[31 T.H. Soerawidjaja, "Steam regenerative removal of HIS a t  high temperatures 

[ 4 ]  R.  van der Heijden. A.U.  Cerr icsen.  12-Procascechnologie, 10,  11-18 (1987). 

Bureau of Standards, Washington D.C.. 1971. 

using metal oxide on alumina acceptors" ,  Thesis ,  Delf t  Universi ty  Press ,  1985. 

TABLES TABLES TABLES TABLES TABLES TABLES TABLES TABLES TABLES 

Table 1. Influence of salc ,  molarity and 
number o f  impregnations on a b i l i t y  
t o  be regenerated by steam. 

Mn Regeneration 
S a l t  # mol Xw X 

Nl t ra t e  1 x 2.0 7 .9  69 
4 x 0.7 1 0 . 1  95 
4 x 0 .5  8.0 100 

Su l fa t e  3 x 0.5 7.2 100 
Acetate 1 x 2 .0  7.7 100 

Table 2 .  Parameters of che model a t  
400 and 600 *C 

Param Dimension 400 'C 600 *C 

kl/kZ - 4.7 3.6 
k, m'/(mol.s) 0 .4  0.4 
Q, mol/ms 160 209 
k,-k, m"/(mol.s) 1E-3 7E-7  

1.38 1.36 
14.7 12.4 
140 168 

Ql mol/ms 240 210 
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